ABSTRACT. Climatic hazards such as floods and droughts have always been a primary matter of concern for human populations. Severe floods damage settlements, transport networks, and arable land. Although devastating droughts are harmful primarily for agriculture and terrestrial ecosystems, they can also lead to local water supply shortages. Despite significant achievements in science and technology and success stories in environmental management in the 20th century, people still continue to suffer the consequences of climate hazards worldwide. This paper provides an overview of existing practices for coping with floods and droughts, compares strategies in different river basins, and outlines the areas that need improvement. First, the existing protection measures and response strategies against floods and droughts are briefly described. An overview is given of expected climate change and existing coping strategies for floods and droughts in seven case study basins. Four of the basins, namely the Elbe, Guadiana, Rhine, and Tisza, are located in Europe; the Nile and the Orange are in Africa; and the Amudarya is in Central Asia. Analysis of the coping strategies shows that structural measures exist in all seven river basins, but that nonstructural measures are generally not very extensive and/or advanced. Finally, the success stories in dealing with climatic hazards and lessons learned, taken partly from the seven case study basins and partly from literature, are summarized.
INTRODUCTION
Climatic hazards have always been a foremost matter of concern to the human population. Although there have been significant achievements in science and technology in the 20th century, people still continue to suffer the consequences of severe floods and droughts on all continents. Floods endanger human life, cause damage to settlements and transport networks, and destroy human heritage. Devastating droughts are harmful for agriculture and may create problems in water supply. Droughts can be connected with heat waves, i.e., extended time intervals of abnormally and uncomfortably hot weather lasting from several days to several weeks, which can be harmful for human health.
According to the World Water Council, economic losses from weather and flood catastrophes have increased ten-fold over the past 50 yr, partially as a result of rapid climate changes. These rapid climate changes are seen in more intense rainy seasons, longer dry seasons, stronger storms, shifts in rainfall seasons, and rising sea levels. More disastrous floods and droughts have been the most visible manifestation of these changes (Eisenreich 2005) .
In view of the developing issue of climate change, floods and droughts may become more frequent. According to the Clausius-Clapeyron law, the atmosphere's water-holding capacity increases with temperature, and hence the potential for more intense precipitation increases. Also, warming of the atmosphere will lead to increased evaporation from the oceans, and, as a result, to increased precipitation. However, the Earth's climate system functions in such a way that some regions, e.g., in high latitudes and tropics, will experience higher We also outline success stories and lessons learned from coping with extreme events. To set the framework for the analysis, an overview of protection measures and response strategies against floods and droughts is given in the first two sections. The next two are devoted to case studies of seven basins that describe expected climate change, climatic hazards, and existing strategies for responding to extreme events. The material for the case studies was collected during interviews with stakeholders and at workshops as well as from the literature. The last section includes a comparative analysis of the coping strategies in the case studies and a description of success stories and lessons learned, which could be helpful to validate water management strategies for dealing with impending climate change in these and other large river basins worldwide. "Coping strategy" in this context is understood to mean a set of measures at the riverbasin scale, including regional, governmental, and local community and household-level actions.
FLOODS: PROTECTION MEASURES AND RESPONSE STRATEGIES
Floods are caused by extremely intense or extremely long rainfall events, by intense snowmelts, or a combination of both. Based on data from 1950 to 1998 , Berz (2001 evaluated the number of great flood disasters worldwide, which he defines as events in which international or inter-regional assistance is necessary. He concluded that their number has increased considerably over recent decades: six cases in the 1950s, seven in the 1960s, eight in the 1970s, 18 in the 1980s, and 26 in the 1990s. The same tendency has been observed in Europe. Between 1975 and 2001, 238 flood events were recorded in Europe, and the annual number of flood events has clearly increased (European Environment Agency (EEA) 2004). Table 1 outlines major flood protection measures subdivided into structural or technical measures and nonstructural measures, which include social measures and measures taken in watersheds. In this context, it is important to underline that increasing water storage in watersheds by different methods, e.g., restoring wetlands, increasing groundwater storage, limiting pavement in settlements, and planting catch crops, serves to mitigate both types of extreme events: floods and droughts.
Protection Measures
Besides climate change, there are a number of anthropogenic factors that contribute to increasing flood risk and the damage caused by floods. Among them the most important are: (1) the reduction of the water storage capacity in watersheds as a result of river regulation, e.g., by straightening, shortening, and drying small tributaries, wetlands, and riparian zones along rivers; by deforestation and degradation of vegetation; and by urbanization, which increases the amount of area covered by impermeable surfaces. Also important are (2) human activities such as settlements, commercial infrastructure, and agriculture in flood-prone areas. Table 2 provides some examples of human actions in river basins, their water-related consequences, and their negative impacts.
Response Strategies
The failure of structural measures to prevent floods has long been recognized, and several recent destructive floods on different continents have also contributed to the shift in approach. It has become clear that physical or structural protection measures such as dams, storage reservoirs, and embankments alone cannot completely protect against floods (Kundzewicz and Takeuchi 1999) . Although they are still necessary for flood protection, particularly in urban areas, modern flood response strategies should rely on an integrated approach that includes all three types of measures: (1) maintaining and updating structural flood protection, (2) enhancing water storage capacity in watersheds using different means, and (3) strengthening social mitigation measures such as land-use planning, forecast and warning systems, community emergency planning, and household mitigation actions. The importance of these different types of measures is, of course, site specific and should be assessed in a regional context. If it is to be successfully implemented, an integrated approach must consider the technical and land-use measures that are related to the social and political drivers of behavior within societies. http://www.ecologyandsociety.org/vol13/iss2/art32/ 
Protection Measures
Drought protection measures range from management of water supplies to demand management of scarce freshwater resources (see examples in Table 3 ). Using groundwater rather than the more traditional surface reservoirs can be quite efficient despite the higher pumping costs. This is mainly because there are very high evaporation losses from surface reservoirs. Some relatively new measures such as the recycling of water, e.g., the use of treated municipal wastewater for irrigation, and the desalinization of seawater are also increasingly applied.
There are also a number of anthropogenic factors that increase potential damage by drought such as: (1) extensive agriculture that depends on irrigation, (2) land-use planning that ignores the need for water storage in watersheds, (3) overgrazing and deforestation, and (4) inappropriate land-use practices in agriculture such as black fallow between crops. Poverty is an important factor that escalates vulnerability to droughts.
Response Strategies
All measures to enhance water storage, including surface and groundwater storage across the landscape, as well as demand-side management such as developing adaptive crop-rotation practices, belong to drought-response strategies. As previously mentioned, enhanced water storage in watersheds serves to mitigate both droughts and floods. Forecast and warning systems based on risk assessment and the development of drought risk maps are also essential. During droughts and heat waves, coordinated actions involving water supply managers, farmer organizations, water users, and local authorities are needed. Because of the limited freshwater resources worldwide, which can become even more scarce under a changing climate, demand-side management is becoming more indispensable. In addition, strategies should consider social, behavioral, and political drivers within societies. Measures such as diversification, nonfarm-related livelihoods, changes in the economic structures of households and regions, and migration are of basic importance to drought vulnerability and may become even more important under climate change.
CLIMATE HAZARDS IN CASE-STUDY BASINS

Case-Study Basins
This section gives an overview of seven NeWater (EU project, contract No. 511179) case-study basins with an emphasis on climate hazards and existing response strategies. The Elbe, Guadiana, Rhine, and Tisza basins are located in Europe, the Nile and Orange are in Africa, and the Amudarya is in Central Ecology and Society 13(2): 32 http://www.ecologyandsociety.org/vol13/iss2/art32/ Asia. All seven basins are transboundary. Some major basin characteristics are presented in Table 4 .
The Amudarya
The Amudarya originates in the Pamir and Hindukush mountains and stretches for about 2540 km. Precipitation in the Amudarya basin is low, about 200 mm/yr on average. The natural water flow is generated mainly by snow and glacial melt. The flow pattern in the downstream reaches is modified by extensive irrigation networks, diversions, and reservoirs.
The Elbe
The Elbe River basin is shared mainly between the Czech Republic upstream, which has approximately a third, and Germany downstream, which has the remainder. Compared with the Rhine, Danube, Weser, and Ems basins, the Elbe is the driest of the drainage basins in Germany because of its relatively low precipitation of about 659 mm/yr on average.
The Guadiana
The Guadiana basin is shared between Spain (83%) and Portugal (17%), and it represents conditions typical of the arid climate in southern Europe. Traditionally, the main water use in the basin has been groundwater-dependent agriculture, which accounts for 90-95% of total water consumption in the upper and 88% in the lower part of the catchment, respectively.
The Nile
The Nile is the world's longest river, flowing 6700 km northward and joining Lake Victoria to the Mediterranean Sea. Precipitation over the basin shows a significant gradient, ranging from a maximum of about 2000 mm/yr in the southern mountainous areas to about 200 mm/yr in Khartoum and declining to practically zero in the desert in northern Sudan and most of Egypt. The main water withdrawals are for irrigation in agriculture, especially in the northern part of the basin.
The Orange
The Orange basin extends across large parts of South Africa, encompassing all of Lesotho and parts of Namibia and Botswana. The average annual rainfall of 2000 mm/yr at the source decreases westward in the basin, reaching 25-50 mm/yr in the desert regions at the mouth. The Rhine
The Rhine originates in the Swiss Alps and flows through Austria, Germany, France, Luxembourg, and the Netherlands. Annual precipitation in the Rhine basin varies from 700 to 1200 mm. The Rhine is one of the world's most intensively navigated inland waterways, and its water is used to irrigate areas of intensive agriculture and vineyards, which produce wines of a high quality. Over the last two centuries, the basin has lost more than 85% of its natural alluvial areas because of human use for settlements and agriculture (Moyen 1998) .
The Tisza
The Tisza River is one of the largest tributaries of the Danube. The basin covers parts of Ukraine, Slovakia, Hungary, Romania, Serbia, and Montenegro. Climatic conditions in the basin are moderately continental, and water from the Tisza is used for crop irrigation, for household water supplies, to provide hydropower, by industry and fisheries, and for recreation.
Climate Change Observed and Projected
The observed climate trends and projected climate scenarios for the seven basins are outlined in Table  5 . Table 5 . Observed trends in climate and projected climate scenarios for six of the seven basins studied. The Nile, which runs through 10 countries, was not included because of insufficient data. (2006) for the Nile and Rhine, a downward trend for the Guadiana, and varying subareal and seasonal trends for the Amudarya, Elbe, Orange, and Tisza. It is worth mentioning that the differences between the scenarios for the two models, e.g., for precipitation in the Amudarya basin (Fig. 2) , are mainly because of the inherent model uncertainty in current GCMs.
A large-scale glacier degradation is taking place in the Amudarya basin: Small glaciers are disappearing, and large glaciers are shrinking. The glacial area in the Amudarya basin has shrunk 13.1% from 1957 to 1980, i.e., from 7144 to 6205 km² (Agaltseva 2005).
Climate change may also alter the timing and magnitude of runoff peaks, as well as the relative runoff contributions from rain, snow, and glacier melt. This will affect the flow patterns of the rivers.
For example, the climate change impact assessment for the Elbe shows that even a relatively small decrease in precipitation coupled with higher temperatures can result in a significant decrease in groundwater recharge and seasonal river flow (Hattermann et al. 2006) .
In general, the risk of extreme climatic events is expected to increase under warmer temperatures. Flood frequency and magnitude will probably increase in regions that experience increases in precipitation, whereas drought frequency will increase in regions that experience a reduction in precipitation. For example, the report from the EEA (2004) warns of increasing drought frequency in the southern areas of the Iberian Peninsula, an increased risk of forest fires, widespread heat waves, and consequent risks for human health. It is also likely that the frequency of intense precipitation, and http://www.ecologyandsociety.org/vol13/iss2/art32/ 
Climatic Hazards in the Basins
The Amudarya
People who live in the Amudarya basin often experience droughts and floods. The severe drought during 2000 and 2001 caused significant crop losses and shortages of drinking water. The last significant flood in 2005 caused damage to settlements and the irrigation infrastructure. In low-water years, the region operates in a water deficit regime, and thus it is very vulnerable to a potential decrease in water availability in future.
Climate change could substantially affect the water resources of the Amudarya if precipitation decreased. Climate change will alter the relative runoff contributions from snow, glacier melt, and rain, which are currently 78% from snow and 14%-16% from glacier melt (Ososkova et al. 2000) . As the glacier melts, its contribution to runoff in the future will be reduced. Because of glacier degradation, it is expected that the total runoff of the Amudarya will be reduced by 3% before 2020, by 6% before 2030, and by 15% before 2050 -2075 (Agaltseva 2005 . Changes in the hydrological regime will influence current rules for operational regimes of reservoirs and water availability for various water users. Flooding could cause mudslides and the breaking of natural dams on mountain lakes in the upstream areas, and could subsequently pose serious threats across the entire basin. However, at present, there is high uncertainty regarding the direction of change in precipitation in the basin (see HadCM and ECHAM scenarios in Fig. 2 ).
The Elbe
The Elbe River is experiencing all three major water-related problems: too much water once in a while, i.e., floods; too little water from time to time, Ecology and Society 13(2): 32 http://www.ecologyandsociety.org/vol13/iss2/art32/ i.e., droughts; and water of inadequate quality, although a notable improvement in water quality was achieved over the last 15 yr (Krysanova et al. 2006) . Recently, extreme hydrological events were observed in the basin. There was a destructive flood in August 2002, followed by a severe drought in 2003. Because of the disastrous flood in 2002, general public attention has strongly shifted to the flooding problem. Statistically significant trends in dry indices were found for the lowland part of the basin (Krysanova et al. 2008 ).
Higher average temperatures and lower precipitation in the summer months are projected for the basin under future climatic conditions. Thus, the water scarcity problem in this densely populated area will http://www.ecologyandsociety.org/vol13/iss2/art32/ likely grow, and the risk of droughts will increase; this will possibly have adverse consequences on several sectors, including water supply, agriculture, forestry, navigation, and recreation. On the other hand, the intensity of rainfall and the frequency of floods are expected to increase under climate change (Becker and Grunewald 2003) .
The Guadiana
Water use in the Guadiana basin is heavily conditioning the agricultural sector, which is likely to suffer the most from the potential effects of climate change. Floods are not a particular issue of concern, given climatic conditions and the considerable absorption capacity of depleted aquifers and reservoirs. Droughts are of importance for rain-fed agriculture, but currently not for the irrigated agriculture.
The report from the EEA (2004) suggests that Spain and Portugal are likely to be the EU member states most affected by climate change. The EEA warns of the consequences of climate change, e.g., increased drought frequency in southern Spain, more forest fires, widespread heat waves, and further risks for human health.
The Nile
Population density, local water availability, and the demand for water for irrigation determine levels of freshwater scarcity, desertification, and land degradation in different parts of the Nile basin. Ethiopia suffers from recurrent drought, and the 1984-1985 famine known as "War and drought" caused a food crisis during which about a million people died. Ethiopia has never fully recovered from this disaster. Widespread flooding throughout Kenya in 2002 occurred in seven of Kenya's eight provinces. A total of 175 000 people were affected, up to 60 000 people were displaced, and 50 people were reported dead.
There is evidence of ongoing climatic change in the Nile basin. Simulations by GCMs show a fairly uniform increase in temperature across the basin, and varying changes in precipitation, which generally increase in the southern part of the basin (Fig. 2) .
The Orange
Water is a limiting resource for development in the Orange basin. During the past 20 yr, most of Africa has experienced extensive droughts, and the last two in 1986-1988 and 1991-1992 were attributed to El Niño. In 2000, South Africa experienced a severe flood, which caused extreme damage to roads, infrastructure, agricultural crops, and property (Du Plessis 2002).
Changes in water supply could have major implications for most sectors of the economy, especially agriculture. Schulze et al. (2005) published an extensive review about climate change in South Africa, projecting a decrease in mean annual precipitation of approximately 15%-25% in the western portion of the basin, and an increase of up to 10% in the upper regions by 2100 (Fig. 2 ). An increase in the number of rainless days is projected, and the number of days with heavy precipitation will also increase, exacerbating flood events.
The Rhine
In recent years, people in the Rhine basin have been confronted on several occasions with water-related problems caused by high water levels in 1993 and 1995 and by excessive rainfall in 1993, 1994, and 1998 . Extreme droughts, e.g., in 2003, are also increasingly drawing the attention of water managers.
The GCMs project an increase in temperature of 2-4°C and an increase in winter precipitation of about 20% for the Rhine basin by the end of the 21st century. Rainfall will increase throughout the year, causing an increase in flood frequency. However, higher summer temperatures will increase evapotranspiration; thus paradoxically, less water will be available in the summer, causing a greater risk of droughts and heat waves.
The Tisza
The frequency of extreme floods in the Tisza basin has increased sharply from once every 18 yr in 1877-1933 to once every 3-4 yr in 1934-1964, and to almost once every other year over the last decade.
For the lowland part of the basin, a downward trend in annual precipitation has been detected (Jolonkai and Pataki 2005) and projected (Fig. 1) . In the Carpathians, precipitation is expected to increase by up to 30% before 2050, except in the spring (MaxPlanck-Institut for Meteorology, unpublished data).
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STRATEGIES FOR COPING WITH CLIMATIC HAZARDS The Amudarya
Over the centuries, water management strategies and policies have been developed in the Amudarya basin to allocate water resources for various uses, including irrigation. Specific concepts and mechanisms to deal with droughts and floods are available in the basin. Over the past decades, a strong emphasis has been placed on technical measures to cope with the high variability of water availability. Current measures for coping with droughts and floods include: q two single-year storage reservoirs, smallscale reservoirs in the wetlands of the river delta, and the use of former bays of the Aral Sea for water storage; q water-allocation planning measures, e.g., reduction of allocation quotas to all regions by fixed percentages when a low-water year is forecast; q water-saving technologies related to irrigation to decrease water demand in agriculture and increase efficiency; q the establishment of a transboundary flood emergency committee to ensure quick responses to flood risks; and q campaigns to raise awareness among water users about water conservation and flood protection.
However, recent extreme events have revealed that existing measures may be insufficient and may fail to mitigate extreme situations in the future, especially in the downstream areas. Single-year reservoirs have only a limited potential for drought mitigation. The deteriorating infrastructure, caused by the lack of maintenance and investments over the past 20 yr, aggravates the situation. Moreover, current socioeconomic problems in the basin, which are related to the political transition after the breakup of the Soviet Union, appear to be much more relevant for decision makers than is the expected impact of climate change. The latter is seen within the context of a general need to reduce pressure on water resources and cope with water deficits in low-water years, especially in the lowland countries of Uzbekistan and Turkmenistan. It is believed that the challenges of climate change can be met merely by better water management and a more rational use of water resources. However, the development of adequate financial and legal incentives to save water is urgently needed, although such measures are difficult to implement. Moreover, transboundary cooperation is essential for the development of coping strategies.
The Elbe
The need to develop a proper flood management strategy in the basin is recognized. Above all, coping with flood disasters means help for flood victims, averting disastrous impacts of flooding, and help in reconstruction.
Measures used in water management, which are especially needed during periods of drought, are water-saving technologies, water price mechanisms, and optimization of water-resource use. In the http://www.ecologyandsociety.org/vol13/iss2/art32/ future, other measures such as land-cover change and the introduction of new crop varieties could be needed under a drier climate, and measures such as water-saving technologies and optimization of water use will need to be enforced.
The Guadiana
Although specific strategies have not yet been drafted for the Guadiana basin, the report on climate change from Spain's Ministry for the Environment already displays a series of adaptive alternatives for the entire country (Ministry for the Environment 2005), which includes three main lines of action: q demand management solutions based mostly on water pricing, legal measures, waterefficient cropping patterns, public information, and education; q enhanced water management, including improvements in monitoring networks, management models, and databases, and the creation of centers for exchange of water rights; and q supply-based solutions such as increasing storage capacity, water transfers from wet subregions, groundwater development, water harvesting, afforestation, water reuse, and desalination.
Whereas the first two sets of measures can be looked upon with optimism, it is clear that opportunities to implement the third set of solutions in the Guadiana basin are limited. The middle and lower reaches of the catchment already boast two of Europe's five largest reservoirs, i.e., the Alqueva and La Serena, whereas intensive groundwater use is commonplace in the upper part of the basin. Also, because economic constraints probably exclude desalination in the continental areas, existing interbasin transfers, water reuse, and afforestation remain the only alternatives that could be developed further.
It is precisely in the upper part of the basin where the main lessons could be learned about how to cope with droughts. A drought-prone region, the Upper Guadiana basin (16 000 km²) is underlain by aquifer formations whose saturated depth often exceeds 300 m. Estimated groundwater storage exceeds 15 000 million m³, whereas annual renewable resources amount to 200-400 million m³/yr. Such a large capacity makes this aquifer system similar to a macroreservoir, although without the huge evaporation losses that a surface reservoir usually experiences.
As the events in the early 1980s and 1990s show, the aquifers are able to withstand several years of severe drought in exchange for fairly small increases in pumping costs, even if the total irrigated surface exceeds 200 000 ha and accounts for more than 90% of the area's water uses. A further advantage is that individual well owners may access groundwater on demand, which is essential for such a time-critical activity as irrigation. This means that groundwater-based farmers tend to experience increased revenues during drought periods because of the negative impact that these have on rainfed and surface-water-irrigated agriculture (Llamas and Martínez-Santos 2005) . Therefore, the Upper Guadiana basin offers a remarkable example of drought proofing through intensive groundwater development. However, this has its environmental costs, because some groundwater-dependent ecosystems have been lost because of water-table depletion. Making irrigation and wetland conservation compatible under more severe climate conditions remains the main challenge for the future.
The Nile
Coping with climate extremes in such a large basin is an extremely complex issue. Here it will be only briefly outlined using the example of Kenya (Mathur et al. 2004) . The Kenyan government is undertaking reforms of the water sector that have the potential to improve the management of extreme events in future. This improved management can be grouped under three headings: improved prediction, improved protection, and response. Improved prediction requires data acquisition, flood forecast modeling based on available climate scenarios, and early warning systems.
Improved protection includes repairing and developing the infrastructure needed to contain floodwater and provide surface and subsurface storage for drought periods; regular monitoring and evaluation of groundwater levels, water discharge, and water quality; the establishment and enforcement of standards; and the development of groundwater programs based on known recharge Ecology and Society 13(2): 32 http://www.ecologyandsociety.org/vol13/iss2/art32/ rates. Kenya has the potential to develop conjunctive uses of surface and groundwater so that water from periods of excess flows can be stored in aquifers for use during dry periods. A new land-use policy is being developed that is likely to include the prohibition of certain land uses in flood-prone areas.
The response to floods and droughts is partly based on the country's predictive capability. With sufficient time and certainty, people and livestock can be moved from endangered areas before the event occurs. Similarly, short-term emergency responses such as the provision of food and medical assistance can be optimized with sufficient advanced warning and coordination between the government and private sectors.
The Orange
Current water management policies and mechanisms have been developed to ensure that the existing supply of water meets the growing demand. Some of these may be appropriate for dealing with future water shortages under climate change, but robust long-term strategies are required to ensure that the demand for water matches the supply in times of reduced availability.
Regarding flood protection, the emphasis was until recently still on structural mitigation measures, and little attention was given to hazard and risk assessment for different river reaches (Du Plessis 2002). Recently, three basic areas of adaptation have been suggested for the basin (Benioff et al.
1996, Mukheibir and Sparks 2003):
q increased water supply, including the construction of reservoirs and dams, the development of groundwater resources, the use of interbasin transfers, and the modification of vegetation cover to reduce evaporation; q demand-side management, water reuse, and water recycling; and q different ways of managing supply and demand, e.g., crop substitution, conjunctive use of groundwater and surface water, better climate forecasting, more versatile interbasin transfer schemes, and more flexible operating rules for water systems.
The National Disaster Management Centre of South Africa has established a number of working groups to prepare components of the National Disaster Management Framework. Flood management policy will include proposals for guidelines and institutional responsibility with regard to the optimization of the operation of large dams, sustainable use of floodplains, design criteria for infrastructure situated on or adjacent to rivers, effective flood warning systems combined with programs for public and institutional education, and training and awareness creation.
The Rhine
The traditional strategy for water management in the Rhine basin was based on controlling water. Over the centuries, the dikes that defended reclaimed land were built and strengthened, and the river reaches were straightened and widened to allow water to be speedily discharged to the sea. This approach provided a relatively high safety standard compared with that of many other countries. However, after the floods in the 1990s, the International Commission for the Protection of the Rhine acknowledged that the existing strategy was no longer sufficient to maintain safety standards in view of the changing climate.
The new international Action Plan on Floods Defense (International Commission for the Protection of the Rhine (ICPR) 1998) aims at the improvement of precautionary flood protection, for which five guiding principles are formulated:
1. Water is part of the whole and must be given due consideration in all policy fields.
2.
Water should be stored and retained as long as possible in the catchment.
3.
The river should be allowed to expand so that it has enough room to delay runoff and reduce danger.
4.
Water managers and the public should be aware of the danger, because there will always be a certain risk.
5.
Integrated and concerted action in the basin is a prerequisite for successful management.
Ecology and Society 13(2): 32 http://www.ecologyandsociety.org/vol13/iss2/art32/ Based on these principles, four major targets were postulated: to reduce flood stages, to reduce the risk of damage, to increase awareness of flood risk, and to improve the system of flood forecasting. The national strategies in Germany and the Netherlands are built in agreement with this plan.
The Dutch strategy is based on minimizing the consequences of flooding, and the new paradigm in water management is "learning to live with the floods." The country is creating a flexible system that can deal with unpredictable events and be adapted to cope with future development. To reduce flood damage caused by excessive rainfall, the new mantra is: "First retain water, then store, and only then discharge." Land along rivers will be set aside to widen floodplains and create retention basins for incidental inundation. These areas can still have multifunctional uses, e.g., for agriculture or recreation. Parts of polders will be designated as emergency storage areas. This should not only reduce the flood risk by reducing high water levels in canals and rivers, but also mitigate the effects of droughts in summer and reverse the degradation of nature caused by overdrainage. However, several studies have shown that, at the scale of the entire Rhine basin, land-use changes alone cannot compensate for the impact of climate change (Middelkoop et al. 2004 ). Thus, traditional structural measures should be maintained and updated. Also, strengthening of the present defenses against the effect of rising sea levels is planned in coastal areas.
Similar developments are taking place in Germany, where an action plan was initiated that covers five main issues: assessment of historical trends in climate and water, impact assessment of potential climate change on water resources, enhanced monitoring programs, the development of sustainable provision concepts for water management policy, and distribution of results to the scientific community and public (Klimaveränderung und Wasserwirtschaft (KLIWA) 2006).
It is acknowledged that the effects of new management strategies in both countries can be further optimized if they are applied to the whole basin with improved cross-border cooperation.
The Tisza
In the past, both Hungary and Ukraine shared a common policy of using traditional measures to cope with emerging floods. In Hungary, extensive hydroengineering constructions were built in the 19th century to limit the dimension of inundation and increase flood safety. The floodplain area was drastically reduced by the construction of dikes, levees, and bank-protecting structures. The Tisza was shortened by about 400 km and deepened to facilitate transport. Currently, some 500 000 people live on land reclaimed from the floodplains. The rising water levels of floods have been typically addressed by increasing the crowning levels of the dikes and reinforcing protective structures. In the Upper Tisza basin in Ukraine, the flood defense system also consists mainly of dikes (707 km Public awareness and collaboration with NGOs that criticized this exclusively technical strategy have helped to broaden the aims of the plan, which now include some novel solutions such as agroecological farming practices, ecotourism, and nature conservation (Burnod-Requia 2004) . One lesson learned in the basin is that public awareness is helpful for improving water management.
The same or similar strategies exist for the Ukrainian part of the basin. There are also several international and bilateral agreements aimed in fostering and strengthening collaboration for flood protection. http://www.ecologyandsociety.org/vol13/iss2/art32/
COMPARATIVE ANALYSIS OF STRATEGIES AND LESSONS LEARNED
The coping strategies in these case-study basins can be compared by analyzing information about existing measures and the need for their improvement, as described above and summarized in Tables 6 and 7 . Such a comparison is of course not easy and is possible only to a limited extent because of differences in environmental and climatic conditions, the scales of the basins, and the institutional context, i.e., what is effective in one basin might not work in another. First, different types of measures will be compared for the seven basins, and then their commonalities and differences and some unique examples of solving water-management problems will be listed.
Structural Measures
Structural measures for flood protection, e.g., dams, dikes, etc., exist in all river basins. Dams are designed for flood security, and reservoirs serve for water storage. All structural engineering constructions must be maintained and updated, although it may be hard to do this because of conflicting interests. The largest uncertainty related to climate change is whether dams designed using historical data will be able to withstand more intensive floods, which are possible under changed climatic conditions. It is very difficult to understand and accurately predict the effect of climate change because of the many uncertainties involved, including the natural variability of hydrological systems, the fact that relevant data have been collected for only short periods, and the restricted capabilities of climatic and hydrological models for predictions (Beven 2000) . Some of the related uncertainties can be reduced, whereas others are unavoidable.
Nonstructural Measures
Some of the nonstructural measures in watersheds are also implemented in river basins, but they are mostly limited in extent. Increasing natural water retention is stated as necessary in the Elbe, Rhine, Tisza, and Amudarya. Improved land-use schemes and new land-use policies are needed for the Nile and Orange. Although the need for such measures seems to be well understood, sometimes even newly developed management plans do not include them, e.g., the Vásárhelyi Plan for managing the Tisza.
Social Measures
Social measures such as advanced alarm and warning systems, household mitigation actions, increased awareness, and education are ongoing for the Rhine, Elbe, Guadiana, and Tisza, but there are few such measures for the Amudarya and Orange. Measures related to behavioral drivers such as diversification, nonfarm livelihoods, migration, and changes in the economic structures of households and regions are especially important for basins that struggle with severe droughts, e.g., the Nile, Orange, and Amudarya, because these drought periods may become even more dramatic in the future. Improvements in social and behavioral measures and their extension to include community emergency planning and household actions are needed for all the basins. The aim here should be to provide a wide spectrum of social measures, learning from those basins that have more advanced levels of implementation.
Supply-side Measures
Supply-side measures for drought protection, e.g., surface and groundwater reservoirs and watertransfer schemes, exist almost everywhere. The need for improvement includes increasing storage potential (the Orange), protection of groundwater aquifers (the Guadiana), and improvement of the conjunctive use of surface water and groundwater (the Nile). In some basins, e.g., the Amudarya and Guadiana, there are not many options for improvement on the supply side.
Demand-side Measures
Demand-side measures are quite well developed in the Elbe, Rhine, and Guadiana. These measures still need improvement for all basins, including better irrigation schemes in the Orange, control of illegal water extraction in the Guadiana, and water-saving and optimization measures in the Amudarya. Learning from those basins that have more experience is also recommended, taking into consideration differences in scale and institutional context. Table 6 . Existing measures for coping with floods and droughts in six of the seven basins studied. The Nile, which runs through 10 countries, was not included because of insufficient data. 
Commonalities and Differences
The following commonalities in coping strategies were identified in the river basins studied: 1. Structural measures for flood protection are implemented for all river basins.
2.
The importance of nonstructural measures for flood protection is recognized in all the basins.
3.
In the Rhine and Elbe basins, similar strategies for flood protection involving all kinds of measures are being used.
4.
In the Guadiana and Amudarya, supply-based measures are practically exhausted.
The following differences in coping strategies between the basins can be observed:
1. All the basins will be affected differently by climate change.
2. The use of nonstructural measures differs greatly among the seven basins, ranging from active implementation to virtual nonexistence and the postponement of such measures for the future. Table 7 . Need for improved monitoring and prediction and improvement of measures for coping with floods and droughts in six of the seven basins studied. The Nile, which runs through 10 countries, was not included because of insufficient data. There are also a number of unique examples related to solving water management problems in our casestudy basins: 1. Managers in the Guadiana basin have attempted drought proofing through the intensive use of groundwater, although this may be not sustainable in the future.
2.
Current socioeconomic problems seem to be more important to decision makers in the Amudarya basin than is the expected impact of climate change.
3.
A variety of conditions and serious problems exist in the Nile, which is the largest basin.
4.
Public awareness and actions have helped to improve water management, e.g., in the Tisza.
5.
The guiding principles that have been developed for flood protection in the Rhine could be useful in other basins.
Success Stories and Lessons Learned in Coping with Climatic Hazards
Alhough people worldwide still continue to suffer the consequences of severe floods and droughts, there are some success stories in coping with extreme events on different continents, including the basins used in this study. These success stories range from improved flood preparedness to advanced anti-drought measures, and are listed in Table 8 .
Ecology and Society 13(2): 32 http://www.ecologyandsociety.org/vol13/iss2/art32/ Kundzewicz et al. (2002) The Rhine, Germany Integrated river management programs that include, e.g., the restoration of flooplains through polder systems, are currently compensating for some of the adverse effects of straightening the Rhine and building dikes.
Demuth (1999) The Mississippi and Missouri basins, USA
The great Mississippi-Missouri flood of 1993 had a significant impact on U.S. flood management policy, which distributed management and responsibilities among federal, state, and local authorities.
Josephson (1994)
Japan A comprehensive flood control program was initiated in the late 1970s based on an integrated approach that promotes water storage and retardation in watersheds and structural measures for large rivers, including very expensive infrastructure such as superlevees. Kundzewicz and Takeuchi (1999) Thailand The country's drought preparedness was improved through a system of prices and incentives and by strengthening the role of local wateruser organizations.
Binnie et al. (1997) Kundzewicz et al. (2002) The Yakima River, USA A spectrum of antidrought measures was introduced, including additional wells, trading water rights, subsidies for set-aside land, tax breaks for cattle sales, water conservation measures, etc.
Glantz (1977) Kundzewicz et al. (2002) There have also been lessons learned in dealing with climatic hazards in all our case-study basins. In arid and semiarid regions, in which a warmer and drier climate is expected, the irrigation sector is likely to suffer particularly. Although solutions should be sought on a case-by-case basis, existing droughtproofing examples may provide a valuable reference for other regions in the future. In this regard, the Upper Guadiana experience shows that, wherever reliable groundwater supplies exist, these may act as a buffer to mitigate the potential effects of climate hazards over long periods. In the face of more severe stresses, learning from past mistakes may also prove instrumental in long-term ecosystem protection and in reducing water- There is often a false sense of security and an over-reliance on flood control works such as levees, reservoirs, etc., which in reality provide protection only below a certain threshold. Human experience of a flood tends to reduce the amount of damage caused by the following flood, especially if it occurs within a short period of time.
Lessons learned in dealing with droughts
It is often becoming difficult to increase the amount of water in storage because of its decreasing availability in general, and the adverse environmental and social impacts of reservoirs.
Intensive groundwater withdrawal may ensure social and economic development over a long period of time and thus provide an alternative solution for drought management, although some undesirable impacts may result from intensive pumping, e.g., water-table depletion, groundwater quality degradation, negative effects on streams and wetlands, or land subsidence. Enhancing water storage, especially underground, mitigates both types of extremes: droughts and floods. Adequate water management laws could improve drought preparedness in many regions.
change, and there is a real need for a holistic and integrated view of water-resource management. The effects of climate change and the need to adapt to them have to be built into a full water management cycle. Although present legislation does contain sound principles for coping, the lack of quantifiable information hampers decision making by water managers.
To summarize the latest studies that examine extreme climatic events (ICPR 1998 , Kundzewicz et al. 2002 , DKKV 2004 and experiences in the seven basins in this study, the lessons learned related to floods, droughts, and climatic extremes in general are presented in Table 9 .
CONCLUSIONS
The future challenge is to develop strategies and measures to guarantee an adequate water supply to multiple users and to provide adequate protection against floods and droughts in river basins under changing climate conditions. The comparison of strategies in seven basins and the success stories and lessons learned in dealing with the climatic hazards summarized above help to validate strategies for coping with climate change in these and other large river basins worldwide.
Adapting water management to climate change requires changes in management practices and land use, technological development, diversification, http://www.ecologyandsociety.org/vol13/iss2/art32/ modifications to the economic structures of households and regions, and awareness raising. The basic background information in planning for adaptation measures is the understanding of the exposure of the specific region to climate change and the sensitivity of the system to climate variability. For flood protection, structural and nonstructural measures along with social measures are important. Management of water supply and demand can be improved by optimizing demand management, using water-saving technologies, and encouraging more efficient use of available water by incorporating economic incentives, e.g., water pricing policies and water trading schemes. In addition, information measures in combination with risk mapping and improved warning systems are crucial to reducing vulnerability to climate change impacts. The potential strategies should be related to the growing conceptual understanding of the dynamics within interlinked social and ecological systems, and the integrated strategies in the basins should be related to behavioral drivers within societies. Economic instruments could be applied to recover the costs of adapting to the impacts of climate change.
However, the actual response strategies need to take into account the adaptive capacity of the natural and social systems under consideration, including social and political drivers. Therefore, building and strengthening adaptive capacity at the basin scale should be a central goal when it comes to dealing with climate change. Region-specific adaptation strategies should be developed by local water managers in discussion with the local population. This participative approach would allow sitespecific expert knowledge to be incorporated into the planning process and ensure that the response strategies consider local social and political drivers.
Water management related to extreme events is characterized by high complexity and involves uncertainty. Therefore, water-resource management should be approached from a broad perspective, taking into consideration the interests of different related sectors, different spatial and temporal scales, and transboundary issues. This requires the application of integrated water-resource management, which is defined as a process that promotes the coordinated management of water, land, and related resources to maximize economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems (Global Water Partnership Technical Advisory Committee (GWP-TEC) 2000).
Moreover, projections of climate change and its impact on the water sector suggest that the goal of water managers should be to increase adaptive capacity to better cope with uncertain future developments rather than relying only on finding optimal solutions. Adaptive management is defined as a systematic process for improving management policies and practices by learning from the outcomes of implemented management strategies (Pahl-Wostl and Sendzimir 2005, Pahl-Wostl 2007) . Therefore, strategies for coping with climatic hazards inevitably stress the need for integrated water-resource management in river basins, supplemented by adaptive management under uncertainty . Such an approach is especially needed in view of expected changes in climate in the 21st century. 
